n spite of the publicity it has received recently, multiphasic screening (MPS) is not a new health care concept. The medical history of the Romans indicates the value of looking for potential diseases. A specifically funded MPS protocol, probably considered to be the first in this country, was established in Memphis, Tennessee, about 35 years ago by the local health department to screen city employees.
liminary cost-effectiveness studies indicate that a periodic health check-up may provide the employer with savings in the form of reduced insurance premiums, reduced time lost from the job, and increased productivity on the job.
Many companies concerned with the health of their personnel already provide various types of medical services, ranging from pre-employment physical examinations to complete and well-staffed medical clinics. Most services are supplemented with a variety of health and medical insurance programs. However, few companies provide a periodic health evaluation program for any groups other than top executive personnel. To date, it has not been economically feasible to provide similar comprehensive periodic health examinations to all employees.
A well planned and equipped multiphasic screening program, requiring from 45 minutes to two hours, can offer these services for costs ranging well below $100.00 per screening. The resulting savings in insurance premiums and reduced absenteeism can be expected to more than offset these costs. Nor is the size of the work force involved in a matter of economic or logistic concern.
The Mobile Approach Several programs have indicated that the MPS protocol is amenable to mobile units. Mobile units, consisting of one to three properly equipped trailer vans, can provide a screening service to a multiple of companies on a rotating basis. The mobile units may service 50 employees at one location, and 5,000 or more at the next.
Several mobile MPS units are currently in operation. The California Processor's Benefit Fund has sponsored the development of three 10x60 foot trailer units to provide a periodic health check-up at each of 44 member plans throughout Northern California.' The U. S. Public Health Service has operated one of the largest and best mobile health programs, the "National Health Examination Survey," carried out by the National Center for Health Statistics." The Health Examination Survey collects data on the population under study by direct physical examinations, tests, and measurements.
The two mobile programs discussed below are of particular importance to industrial multiphasic screening. Both have several years' operational history which supports the application of the MPS protocol to mobile units.
The The screening results of 7,269 persons over the age of 40, showed that about 75% were found to have had apparent abnormalities. These individuals were referred to their private physician or clinic." The most common abnormalities were (I) high blood pressure; (2) obesity; (3) atypical electrocardiogram; (4) loss of hearing; or (5) suspicion of glaucoma.
Perhaps the best known of all mobile programs is that of the Oklahoma State Health Department. The complete MPS program is housed in a IOx60 foot trailer, which can be moved to various sites within the state to screen healthy populations for chronic disease. This program is a direct outgrowth of the mass x-ray screening conducted about 20 years ago. The mobile program, which began operation in 1960, was given a three-point mandate: The State of Alabama" is now in the planning stages for a mobile program, using a multiphasic screening protocol, to detect chronic pulmonary disease. For the past four years the Alabama Tuberculosis Association, in conjunction with its county associations, state and local health departments, and the Medical College of Alabama, has been conducting a research program, through grants by the Division of Air Pollution, USPHS, in the field of chronic respiratory disease. The case-finding phase of the project will use a complete, mobile, pulmonary function laboratory, designed to perform the following tests:
1. Chest x-ray. 2. Pulmonary function by spirometry. 3. Medical history questionnaire. 4. Electrocardiograph. S. Hemoglobin. 6. Hematocrit. 7. Blood urea nitrogen. Experience gained by the mobile MPS programs described above will assist both economically and technically in the next generation of sophisticated mobile screening for health.
The Fixed Site Approach
To date, in the United States and Canada, there have been 45 programs that can be termed actual multiphasic screening protocols, in operation or planned for operation by 1970. In the two year period, 1965 through 1966, over 500,000 people were tested in about half of these facilities.
Multiphasic screening has been offered in California to industrial employees, the general public, universitystudents, and civil service employees in some 25 MPS programs conducted since 1948. The range of tests in the projects has varied from a simple cornbi-nation of chest x-ray and serologic test for syphilis to a battery of twelve tests, including a self-administered health history.
Dr. Lester Breslow, formerly Director of Public Health, California State Department of Public Health, and currently at the University of California at Los Angeles, concluded that " . . . multiphasic screening contributes to good medical practice. It represents a practical means for the early detection of important diseases and impairments such as tuberculosis, syphilis, diabetes, certain forms of cardiovascular disease, cancer, vision and hearing defects, obesity, and anemia?"
A brief description of two MPS programs, established at a fixed site, and having particular application to the industrial setting, may be of interest. A fixedsite, multiphasic screening program, specifically applicable to the industrial setting, is the Technicon Instrument Survey. This program consists of a battery of twelve biochemical determinations, offered at no charge to the company's employees. All tests are performed on the Technicon SMA-12. Edwin C. Whitehead, the president, regards the program as an "attractive fringe benefit." The information thus obtained provides the employee's physician with a "health profile" which aids him in detecting previously undiagnosed diseases."
Perhaps the largest of all MPS programs carried out to date is the Varrnland, Sweden Health Screening Program, conducted since 1962. Initially, the program was designed as a mass x-ray screening survey, but, at the request of the Swedish National Board of Health, it was expanded to include a number of physiological and biochemical tests in the protocol."
The screening program tested 100,600 people during a period of three years. Organization of the project consisted of: Results of this program showed that public response was favorable. Chemical analyses were sensitive in disclosing pathologic disturbances. Altogether, about twelve per cent of all screened persons were referred for follow-up examinations.
All the programs described represent different ap-· plications to illustrate the versatility of the MPS protocol. Multiphasic screening can and has been applied to any situation in which there is a need to screen apparently healthy populations for chronic disease. The amount of previously unreported disease is astounding. Depending on the population group screened, the incidence of previously undetected diseases reported by various programs has ranged from an estimated low of twelve per cent to a high of 75%. For the year 1966, the Multi-Test Screening Program of Alexandria, Virginia, Department of Health, reported a twelve per cent disease detection rate on 3,500 subjects screened. The District of Columbia mobile program reported a 75% rate on 7,269 subjects over 40 years of age.
To make these data more meaningful, the Department of Health, Education, and Welfare, in testimony before the United States Senate, reported that, in 1965, approximately 87,300,000 (almost half the total national population) suffered from at least one chronic condition; moreover, chronic diseases affected seven out of ten persons over the age of 45. 11 An even more alarming fact is that the President's Commission on Heart Disease, Cancer, and Stroke reported that, due to these three killer diseases alone, a total of 188,237,500 man-days of labor, estimated at 2.7 billion dollars worth of output was lost to American industry for the year 1962.] ( 
Future Directions of Multiphasic Screening And Its Benefits to Industry
During our current study of MPS facilities, 37 multiphasic screening programs have been visited. The present status of multiphasic screening exceeded expectations from the standpoint of non-industrial applications. With the potential benefit that MPS can offer, the fact that it has been all but ignored by industry can only be due to a lack of awareness on the part of the corporate staff with regard to current developments in this area.
From our study, we were able to identify both the present state-of-the art, and affecting technical, socioeconomic, psychological, and legislative trends through 1972. These trends indicate that, during the next four years, the major emphasis in MPS will be on the introduction of stress testing in the cardiovascular area, and the continued introduction of new biochemical, hematological, and immunological variables. The cardiovascular area will emphasize testing by body systems for the first time, rather than the testing by parameter which has been indicative of past programs.
A major degree of improvement will be seen in the automation of physiological and historical testing procedures. An estimated 80% of these tests will be automated, as opposed to about half that for the present programs. Behavioral testing, using the Minnesota Multiphasic Personality Index (MM PI) and specialized tests, will be iritroduced on a routine basis, and probably automated, using such systems as the IBM Votomatic.
Historical data-taking is expected to increase, possibly requiring two questionnaires: one, developed by the individual MPS program staff, and the other by the Cornell Medical Index (CMI). The medical questionnaire will be automated, using the IBM Votomatic, or will make use of mark-sense cards. The CMI, using the IBM Votomatic, will be administered for the greater number' of programs during the latter part of this Occupational Health Nursing. Iul», /969 period. Many of the programs now in planning for operation in this period can be expected to switch from presently used written forms to the Votomatic, or to a version of the Tape Medical Index. The TMI uses a tape recorder to ask and explain the specific question. The subject uses a mark-sense form or card. During this period, use of direct-input systems, in conjunction with a cathode ray tube display, will be introduced.
The greatest amount of automation in the physiological testing area will come in instrumented procedures for cardiovascular stress testing. During this projection period, cardiovascular testing will receive the major emphasis. This will be due in great part to heavy USPHS involvement and to the effects of the Regional Medical Programs, which will be well underway by 1969. Dynamic pulmonary function testing will be integrated with the cardiovascular regimen and emphasized as a body system.
Other physiological tests will include increased visual testing, for which automated procedures now exist. Audiometry studies will remain essentially the same. X-ray procedures will still include a chest plate, but there will be emphasis on mammography studies for cancer detection in women, using new instrument procedures now being developed. Dental screening is expected to become an important adjunct to MPS physiological testing, and will include panoramic x-r~ys and oral pathologies. Anthropometry studies will be expanded from the presently measured height and weight to include lateral thoracic width, body mass, and full body photography. Body temperature measurements will be made, using thermistor sensors. Breath analysis for organic components has already been introduced into one MPS program as a research tool. Increased studies in this area can be expected, particularly for use as a comparative tool with regard to blood glucose and trace gases determinations, and to detect changes in body chemistry due to smoking.
The percentage of laboratory procedures that are semi-automated is expected to remain at a high level.
Although more clinical laboratory procedures will be performed in the future, they will be done with the present equipment, such as the Autoanalyzer and thin layer chromatography. Several new, semi-automated, . wet chemical systems will be introduced. They may be expected to have an effect on the speed and costs of future MPS programs. While not all of the various determinations possible in each category (i.e., electrolytes, Na, K, CO~, Cl, Ca, P04) will be done in each program, the major emphasis will be on biochemical determinations and the use of automated procedures. Hematologic determinations will be more heavily emphasized than at present. Four additional tests, WBC, RBC, blood smear examinations and coagulation determinations, will be performed, in addition to hemo-globin and hematocrit.
Serological testing will still include only the STS for syphilis as a routine procedure. Immunological determination will become of sufficient significance to be differentiated as a separate category. This will include blood grouping, blood typing, rheumatoid factor, screening for irregular antibodies, and a tuberculin skin test.
Histo/cytologic testing will provide the main emphasis for early cancer detection by using the Papanicolaou smear, both cervical and sputum, in conjunction with chest plate and mammography x-ray procedures. Other breadboard studies using automated procedures are now being proposed; these could have great effect in this area.
Urinalysis determinations will be expanded over the presently used techniques, although bacteriological studies will still be limited to urine culture in the better equipped programs.
Data handling procedure improvements will be the most outstanding feature of this time period. Period acquisition of data will still be performed, using written forms to some extent. More emphasis and wider acceptance will be seen in the use of mark-sense punch cards, particularly in the historical and behavioral testing protocols. On-line acquisition of testing data will find wider use in the better funded programs. This will be especially so in the dynamic-testing data acquisition system. Data correlation and analyses will be expanded from straight tabulation runs to include correlation procedures as a routine. The first computer programs for multivariate-multifactorial analysis will be written and introduced into particular programs on a research and "de-bugging" basis. The use of more specialized computers, as well as an increased use of the larger ones (such as the IBM 1800 and 360 series) on a service bureau or time-sharing basis, is certain.
The periodicity of the multiphasic screening program, especially in industry, will rely more heavily on annual screening. A good example is illustrated in the following case. A midwestern plant, employing 595 people, put such a program into operation eight years ago. The cost per employee for sickness and disability payments, including insurance premiums, was $61.00 per year. In an older plant of the same company, employing 476 people and having no coherent health program in effect, the cost per employee was $372.00 per year. The per capita cost of operating the medical department of the model program site was $89.00 per year, so that the combined cost of $150.00 per employee was still $222.00 less than that of the plant having no program at all. 12
Conclusion
As industry becomes increasingly concerned over the rising costs of the hospital, surgical, and health in-26 surance provided for its employees, new approaches to reducing these sky-rocketing outlays are becoming imperative. A number of companies have experimented with the cost effectiveness of model periodic health evaluation and MPS programs.
It is imperative that each company examine its own procedures and costs, particularly those on which the well-being and health of its employees have direct effect. From this, they must decide whether or not periodic multiphasic screening will reduce their operational costs.
The tools are now available and, from the experience of previous programs, particularly mobile programs, the multiphasic screening protocol can be tailored to meet any need. The new techniques, if our projections hold true, will serve both to reduce the oprational cost of the health evaluation program and increase its yield.
The basic question now remains: "Will industry accept the challenge to reduce insurance and related medical costs, while providing each employee with the priceless benefit of better health?"
